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ABSTRACT
A study was performed to investigate the processing 
parameters of thermoplastic composites. Three configurations 
of compression molding dies w ere machined and used to 
produce composite specimens. Composite specimens m ade of 
AS4/Nylon-6 and AS4/Polyphenylene Sulfide (AS4/PPS) prepreg  
tap e  were m anufactured under four processing conditions. The 
processing parameters that w ere studied were maximum 
pressure and the dwell time a t maximum pressure and  
temperature.
A total of twenty-four specimens w ere made. Cross 
sections of each  were analyzed for fiber volume fraction using 
a microscope and image analysis software. Each specimen  
was then loaded in three-point bending. Maximum flexural 
stress and modulus were determ ined for each  specimen. 
Increases in fiber volume fraction, maximum stress, and modulus 
were found as functions of pressure and dwell time.
iii
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CHAPTER 1 
INTRODUCTION
The purpose of this study was to investigate processing 
parameters of thermoplastic fiber-reinforced composites. In 
particular, this work was undertaken to probe the possibility of 
producing thermoplastic composites with similar or equal 
success common to thermosets. The investigation was 
executed  by varying combinations of pressure and dwell time 
experienced by the composites within the dies at various 
processing temperatures. The intention was to simulate 
pultrusion by controlling the time and pressure combinations of 
a compression molding system.
Thermoplastic carbon prepreg tapes w ere the media on 
which the study was performed. Two different prepregs were 
used for the study. The first prepreg used was carbon/Nylon-6  
and the second was carbon reinforced with polyphenylene  
sulfide (PPS). Both materials w ere donated  by Quadrax.
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1.1 MANUFACTURING PROCESSES
COMPRESSION MOLDING
Two composites manufacturing processes which are  
comm ercially used are compression molding and pultrusion. In 
compression molding, the fibers and matrix are p laced  in a 
mold or die. In the case of dry fibers, a liquid matrix may be  
ad d ed  to the process. The components in the mold are then  
exposed to specific tem perature, pressure, and time profiles. 
Compression molding cycles can take up to 20 minutes or 
more. Figure 1 shows typical pressure and tem perature profiles 
for compression molding of corbon/PEEK os a function of 
time.Cl
300
d. 200-
10
Time(min)
Figurel Typical compression molding profiles.
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PULTRUSION
Pultrusion is a technology that has been with us for 
d e c a d e s . 12] Like compression molding, raw fibers or prepregs 
can be used in this process. Typically, dry fibers or prepregs are  
on spools in a creel. They are then fed through a device which  
orients them in the proper direction. Figure 2 is a schematic of 
the pultrusion system which was m ade at the University of 
Nevada, Las Vegas.
creel pre-inf regnated 
' material
Machine Design
puISng
DKchanism
pukruded
material
material
guides preheater heathg  cooling load
I die die cell
workstation 
with 
control panel
conveyor
data aquisdion
system
Module 1 Module 2 Module 3 Module 4 not to scale
Figure 2 Schematic of the UNLV pultrusion system.
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Following the straighteners, dry fibers would get w etted  
with matrix. The fiber wetting may take p la ce  in one of a few  
ways. Typically, the fibers are either directed through a resin 
bath or are  injected with resin just prior to entering the forming 
dies. W hether prepreg or dry fibers, the next step is a preheat. 
The composites are heated  to matrix melt tem perature typically 
by either convection or RF heaters. This allows the matrix to 
flow properly while in the consolidation section of the system.
The forming dies ore commonly about three fee t in length 
for thermoset pultrusion and under six inches in length for 
thermoplastics. The next section is the pulling mechanism  
which typically consists of a set of either driven rollers or 
pneum atic grippers, and possibly a cut-on-the-fly sow. Figure 3 
shows typical tem perature and pressure profiles for pultrusion of 
carbon/PEEK prepreg.
400
Tomp. -IS300
-10 SQ . 200
Ressuie
100
TimeCsec)
Figure 3 Typical pultrusion processing cycle.
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1.2 MATERIAL SYSTEMS
THERMOSETS
Fiber-reinforced composites have been used as 
reinforcing agents and com plete  components for decades.  
Thermoset composites have p ioneered the way for fiber- 
reinforced composites into today's world. The first method of 
processing fiber-reinforced composites was hand lay-up which, 
despite it ’s reliability, is very slow and labor in tens ive . t^ i  
Separate components of some thermosetting matricies are  
combined at room temperature, used to im pregnate fibers in a 
given orientation, and then cured.
Thermosetting matrices consist of multiple ports which are  
combined to chemically form long polymer chains. Through a 
chemical reaction, these long polymer chains b ecom e cross 
linked. The reaction is often exothermic in nature. When 
cured, thermosets form a perm anent, structure which cannot  
be post-formed to another shape.
The introduction of fibers pre-im pregnoted with matrix was 
a major step forward for composites technology. That 
innovation provided a way to control not only the ratio of fiber
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
to matrix, but also a proper and consistent mixing ratio of ttie 
matrix components th iemselvesJ^i  Ttiermoset matrix
components are com bined, then used to w e t out fibers, and  
then are kept in a partially cured state known as a "B" stage. 
The composite is chilled to holt the chem ical reaction of the 
matrix and allow extended  storage until n ee d e d . The prepregs 
can be m ade in a variety of fiber orientations ranging from uni­
directional fibers to com plex weaves.
Unfortunately, the shelf life of thermosets is not indefinite. 
Even when stored in a freezer, thermoset prepregs can expire 
past usefulness. When properly stored and used prior to 
expiration, thermoset composites con be used quite  
successfully. The parts m ade must then be fully cured which  
typically involves some form of heat treatm ent.
THERMOPLASTICS
Like thermosets, composites utilizing thermoplastic  
matrices are em ployed in a variety of manufacturing processes. 
One process not practiced  with thermoplastics is hand lay up 
because they d o n 't  exist in melt form at room tem perature.
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Thermoplastic matrices do not undergo a chem ical 
reaction during the m anufacture of the composite. Instead, 
they maintain polymer chains which are longer than thermosets 
and remain intact through melting and consolidation. 
Another ad v a n ta g e  associated with using thermoplastics is the  
lack of fumes present in the mixing of thermoset components. 
In that respect, thermoplastics are safer for people  to be  
around during production.
Thermoplastic matrices are typically processed at higher 
temperatures than thermosetting matrices. This allows 
composite parts m ad e  with thermoplastic matrices to function 
at temperatures too high for thermosets. There are some 
thermoplastics on the market now which are processed at 
lower temperatures. Examples of lower tem perature  
thermoplastics ore polypropylene and Nylon-6, both of which 
can be processed below  300 C.i^i
Thermoplastics do have a significant d raw back when  
com pared to thermosetting matrices. Thermoplastic matrices 
have higher viscosities when melted than thermosetting  
matrices. Thermoplastic viscosities range from 500,000 to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
81,000,000 cps as opposed to the much lower viscosities of 
thermosets which range from 100 to 5,000 cps. This is the most 
dominant limiting fac tor in the use of t h e r m o p l a s t i c s . T h e  
higher viscosities m ake it harder to get the matrix to flow  
evenly throughout the part being made.
There is also another compromise to be m ade with 
thermoplastics. High perform ance thermoplastics typically  
have a lower tensile modulus and strength when com pared  to 
thermosets. However, thermoplastics generally exhibit higher 
toughness than their thermoset c o u n t e r p a r t s . t’ l
On the whole, thermoplastic composites can  be  
processed in almost any way that thermoset composites con. 
In most coses however, g reater temperatures, higher 
processing pressure, or both are needed to ach ieve port 
quality of the some standard as thermosets. Thermoplastic 
parts con be m ade in less time than thermosets since there isn't 
a chemical reaction taking p lace . It is the combination of time 
and pressure that is the interest of this paper.
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1.3 OBJECTIVES
The goal of this study was to successfully design, 
m anufacture, and operate  a compression molding device. It 
was intended that this device would be used to simulate the  
processing parameters experienced by the material in the  
pultrusion process. It was desired to hove the ability to 
produce quality composite specimens from thermoplastic 
prepreg tapes. It was also intended to perform com parative  
analyses on specimens m anufactured under different 
conditions of dwell time and pressure.
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CHAPTER 2 
PROCEDURES
2.1 FIXTURE MANUFACTURING
To begin the physical production of parts, dies were  
n eeded . The first set of dies constructed were m ade out of 
aluminum. Aluminum was chosen for a few reasons. First of all, 
it is very easy to machine. Second, and more important was 
the fact that there had been a discussion about using 
aluminum dies in the UNLV pultrusion machine for reasons of 
hea t transfer properties, ease of machining, and cost. 
However, it seemed most practical to produce an aluminum 
compression mold first in order to establish the feasibility of the  
material.
A set of dies was m achined to produce specimens which 
measured 0.25 x 0.50 x 10.00 inches. Figure 4 shows a drawing 
of the aluminum dies. The cut-out areas at ea ch  end of the  
base were m ade to catch  any excess matrix that might have
10
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Figure 4 Schematic of the original dies. 
All dimensions are in inches.
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flowed from the die. Having a iength of 10 inches would allow  
each part to be bisected giving a pair of specimens that would 
be long enough for tensile testing.
Unfortunately some problems were encountered  with the  
processing of various thermoplastic prepregs in the aluminum 
dies. Because of the physical size of the dies, it was necessary 
to heat the oven to a tem perature greater than the processing 
temperatures of the prepregs in order to co m ple te  the process 
within a day. This was certainly u n a c c e p ta b le  for the 
simulation of the pultrusion process where the prepreg would 
only be exposed to the heat and pressure for a few seconds.
Two more problems were also encountered. First, when  
processing prepregs of PPS matrix, we did not hove at the time 
a suitable mold release agent. This led to difficulty removing 
the ports from the dies. This difficulty may have compromised 
the physicai integrity of the ports.
The second problem encountered with the PPS prepregs 
was overheating, in order to get the internal tem perature of 
the prepreg up to necessary levels within a day, the oven 
tem perature was so hot that it ultimately w arped  the aluminum.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The warping was enough to warrant making another set of dies. 
The only benefit of this circumstance was that it demonstrated  
the inability of aluminum to be used for the pultrusion dies. This 
certainly saved hours of machine time and material cost.
Before the warping of the aluminum die occurred, there 
were other lessons learned. First of all, expecting the worst, 
resin catch  basins w ere included in the fem ale  part of the die. 
It was quickly confirmed that these were not needed  as there 
was minimal matrix run-off. Therefore, it was determ ined that 
this portion of the die was just extra mass to be hea ted .
Another realization was m ade regarding surface finish 
requirements. Since the prepreg was not being pulled through 
the die, it was initially estimated that a plain m achined surface 
would be passable. It was immediately found, however, that 
the matrix readiiy flowed into the smallest of scratches. This 
m ade the part adhere  to the die and b ec o m e resistant to 
removal. To that end, the dies were summarily polished to a 
high gloss finish with a Dremel Moto-Tool®. Subsequent parts 
were easier to rem ove from the dies.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Another problem related to the surface finish difficuity 
was encountered. The original aluminum die parts fit together  
with a dimensional d ifference of approximately 0.010 inches. 
This to lerance proved to be far too lax. Every time a specimen 
was m ade, there was a fiange of matrix that had formed all the 
way up to and on the mid-plane of the mold. This provided a 
further complication when removing the specimens from the 
dies.
One method was established for aiding the removal of 
some finished parts from the dies. In the coses of prepregs with 
either Nylon-6 or polypropylene matrices, it was found that 
ordinary silicone spray was an effective  release agent. The 
silicone spray used has an upper tem perature limit high enough  
for the lower tem perature thermoplastics. Unfortunately, the 
workable tem perature of the silicone is significantiy surpassed 
by the higher tem perature thermoplastic matrices like PPS.
Utilizing the lessons learned from the aluminum dies, a 
second mold was m ade with a few noticeab le  changes. First of 
all, mild steel was used as the material instead of aluminum.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Although steel must be m achined slower, it would ensure the  
ability to function reliably a t higher temperatures. Another 
major change was the size of the mold. Not only was the 
second mold shorter in outside dimension (Figure 5), but the 
cross section of the specimen area  was smaller and adjustable.
The steel die was m achined to tolerances less than 0.002 
inches with an extremely smooth surface finish. Additionaliy, 
the steel die was m ade such that the cross sectional area  
could be varied with shim material from a minimum thickness of 
0.005 to a max of 0.125 inch thickness by a width of 0.275 
inches and a length of 5.00 inches.
The smaller cross section was chosen for a few reasons. 
First of all, the consumption of prepreg was greatly reduced  as 
a result. Secondly, it had been  decided to use a smaller cross 
section on the pultrusion m achine which this die was intended  
to simuiate. Thirdiy, using a smaller cross section and length  
greatly reduced the physical mass of the die, making it easier 
to reach operating tem peratures faster. Initiai tests of the steel 
die proved successful. A number of specimens were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 5 Schematic of the second set of dies. 
All dimensions are in inches.
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manufactured, all with improved surface finish and  
compaction.
The final tool to be constructed for the project was an 
oven to heat the steel die. The major requirement for the oven  
was that it had to be  m ountable in a material testing machine. 
Figure 6 shows the geom etry of the oven with the steel die.
In order to simulate the process of pultrusion, the oven  
would have to heat up to operating temperatures very rapidly. 
To meet this requirement, eight cartridge heaters, ea ch  rated  
at lOOOW were built into the unit. The eight cartridge heaters 
were all simultaneously maintained by a single thermal control 
unit.
The reason for making the oven m ountable into a material 
testing machine was to be able to know and control the 
pressure on the part in the die throughout experimentation. 
The material testing used for the experimentation is controlled  
by a PC. The com puter allows exact t im e-dependent pressure 
profiles. It is this control that allows the simulation of the 
pultrusion process.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 6 Drawing of the steei dies with heating unit added .
All dimensions in inches.
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2.2 EXPERIMENTAL PROCEDURES
The procedure of manufacturing specimens was m ade up 
of a 2 X  2 X 2 matrix of processing conditions. The two prepregs 
chosen for this study were the AS4/Nylon-6 and the AS4/PPS. 
These materials were chosen because of all the materials 
donated , they w ere the only two with the same fiber 
reinforcement. Both types of prepreg, Nylon 6 and PPS, were  
processed under four separate conditions. The other two 
variables in the matrix were maximum pressure and the dwell 
time for which each  specimen would be held at maximum 
pressure, in ail cases, the maximum pressure was not applied  
until the desired processing tem perature was reached  for each  
sample.
The samples m ade of the carbon/Nylon 6 prepreg were  
heated  to a processing tem perature of approxim ately 290 C.
The samples m ade of the carbon/PPS prepreg w ere heated  to 
a processing tem perature of about 330 C. The selected
temperatures w ere in the middle of the possible processing 
temperatures for the respective materials. All four of the 
processing conditions are shown in Table 1.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Condition Pressure
(psi)
Dwell Time 
Tmln)
A 100 0
B 100 5
C 200 0
D 200 5
Table 1 Processing conditions of specimens.
One procedure which was common to all of the 
specimens regardless of material, maximum pressure, or dweli 
time was the method of cooling. A 5 minute dwell time was 
chosen to allow  matrix flow, but still be an a c c e p ta b le  flow 
time of a siow pultrusion system.
In every case, the heaters were turned off as the die 
tem perature got to within a few degrees of the set point. This 
was done to prevent any extreme temperatures which could 
possibly d a m a g e  the specimens.
As soon as the maximum pressure had been applied for 
the amount of time prescribed, compressed air was directed  
into the lengthwise gaps in the dies. in all cases, this 
procedure was successful in cooling the dies at approximately 
10 C per minute.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2.3 ANALYSIS
MICROSCOPY
Fiber volume fraction is a key descriptor whicti provides a 
quantitative, as well as qualitative comparison in composites. 
It was dec ided  to obtain ttie average fiber volume fraction of 
each of the twenty four specimens. The reason is to show any 
significant differences in the processing conditions which could 
relate to overall part quality.
A small portion of each  specimen was cut off for the 
purpose of performing microscopy by which the a v e ra g e  fiber 
volume fraction could be determined. The specimen cut-offs 
were then individually mounted in epoxy. All of the mounted  
samples were then run through a five step polishing process.
The first step was to remove enough epoxy from the cut 
surface to allow direct access to the composite and prepare a 
fresh surface for analysis. This was done using a belt sander 
with a 180 grit w et/d ry  belt. Subsequent sanding steps were  
also done on sanding blocks with 400 and 600 grit w et/d ry  
sandpaper respectively.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The final two preparatory steps were performed on 
m etallographic polishing tables. These are tables equipped  
with rotary pads to which slurry AI2O3 abrasive is app lied . The 
abrasives used grit sizes of 3.0 and 0.3 microns respectively. 
These steps left the specimens with c lean  surfaces suitable for 
viewing on a microscope.
The microscope used for the analysis was a Unitron 8644 
stereo scope. After polishing, ea ch  specimen was given a 
cursory inspection to insure that a suitable surface finish had 
been ach ieved . A live feed  video cam era  was located  at one 
of the ey e  pieces of the microscope. The ca m e ra  was 
connected  to a PC into which the video image of e a c h  sample 
was scanned.
Global Lab Image® was the software used on the PC. This 
software allows the im age to be optimized for best clarity and  
analysis. The average fiber volume fraction of each  specimen  
was measured using the Histogram feature of the software. 
Multiple measurements were m ade of each  sample a t locations 
around the cross section to provide representative readings.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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MECHANICAL TESTING
The second phase of comparison was m echanical testing. 
Three point bending was used to facilitate the comparison. 
Figure 7 is a schematic of a three point bend aparatus  
fabricated  to work in our testing machine. By performing this 
type of test, properties such as flexural strength and modulus 
can be determ ined. The test procedures followed standard  
methods.
Since three point bend testing was chosen, the specimens 
did not have to be fitted with end tabs or strain gages. Not 
only did that reduce the amount of monetary expense and  
preparation time, flexure testing is better for lam inate quality 
control than tensile testing.
During a flexure test, the composite specimens are not 
only exposed to tension, but compression and shear as well. 
The shear and compression properties are more likely to be  
deg raded  by poor consolidation than the longitudinal tensile 
properties.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 7 Drawing of specimen in flexure testing fixture. 
All dimensions in inches.
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End tabs introduce a possible source of error. Not only 
are they bonded to the specimen, but ore not always m ade of 
the same material. Unfortunately, end tabs can be crushed or 
disbonded causing prem ature termination of a test. Like the 
end tabs, it it likely that a laminate could be crushed in the 
testing macriine grips.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 3 
RESULTS
A total of twenty-four specimens were manufactured  
following the procedures deta iled  in C hapter 2. Three 
specimens w ere  m ade under each  of the four conditions for 
both kinds of composites. Figure 8 shows typical load and  
tem perature profiles for the Nylon-6 specimens under each  
condition os a function of time. The difference in dwell times 
can be seen as well as maximum pressure. This figure also 
shows that the rates of cooling w ere  quite similar regardless of 
dwell time.
The microstructural analysis which was performed also 
yielded a series of results. Figures 9 through 16 show typical 
photo micrographs observed for e a ch  combination of material 
and manufacturing condition. In all cases, the magnification  
was set a t lOOX so that a general overview of each  case could  
be observed while still maintaining an a c c e p ta b le  level of 
detail.
26
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Nylon-6 Processing Profiles
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Figure 8 Typical tem perature and pressure profiles for Nylon-6.
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Figure 9 Micrograph of Nylon-6 Condition A specimen.
Figure 10 Micrograph of Nylon-6 Condition B specimen.
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Figure 11 Micrograph of Nylon-6 Condition C specimen.
Figure 12 Micrograph of Nylon-6 Condition D specimen.
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Figure 13 Micrograph of PPS Condition A specimen.
Figure 14 Micrograph of PPS Condition B specimen.
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Figure 15 Micrograph of PPS Condition C specimen.
mm
Figure 16 Micrograph of PPS Condition D specimen.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
When the measurements of fiber volume fraction w ere  
m ade for the specimens, the magnification was increased to 
200X to provide a better deg ree  of detail. Three measurements 
of fiber volume fraction were m ade on each  specimen and  
averaged  for each  combination of material and condition. 
Figure 17 shows a bar graph of the av e ra g e  fiber volume  
fraction measurements. Increases in fiber volume fraction w ere  
noted with the increase in dwell time.
The a v e ra g e  fiber volume fraction measured for the  
Nylon-6 samples processed at Condition A was 51.11%. There 
was an increase in average fiber volume fraction of 5.89% in 
Condition B. Condition C, which, like Condition A had no dwell 
time, had an averag e  fiber volume fraction of 55.44% and the  
Nylon-6 samples m ade by Condition D had an av erag e  fiber 
volume fraction of 58.22% showing an increase of 2.78 over 
Condition C.
The a v e ra g e  fiber volume fractions for the PPS samples 
processed under Conditions A, B, C, and D were 56.89, 57.78, 
58, and 52.89% respectively. The increases betw een Conditions 
A, B, and C w ere  less than antic ipated . The drop in av e ra g e
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Figure 17 Average fiber volume fraction measurements.
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fiber volume fraction betw een  Conditions C and D was quite 
unexpected. Ttie reason for ttie low measurered av erag e  for 
Condition D was the significant void content as shown in Figure 
16. The voids were most likely due to overheating.
Figure 18 shows the raw Load vs. Displacement plots for 
the Nylon-6 specimens. Some fluctuation was present in the 
readings from the load cell. Figures 19 through 26 show the 
linearized Load vs. Displacement plots for the specimens of 
each  material and processing condition.
The maximum flexure stress of the specimens were  
calcu la ted  from these graphs. The slope of each  curve was 
also determined by linear regression to facilitate the  
calculation of the flexural modulus of each specimen. The 
equation used to ca lcu la te  flexural stress from the three point 
bend tests was the simply supported beam eq uation ^:
3-P-L
a  =
2 w h^
Eq. 1
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NYLON-6 CONDITION A 
RAW DATA
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Figure 18 Typical load vs. displacement raw d a ta .
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Nylon-6 Condition A
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Figure 19 Nylon-6 Condition A Load vs. Displacement.
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Nylon-6 Condition B
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Figure 20 Nylon-6 Condition B Load vs. Displacement.
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Nylon-6 Condition 0
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Figure 21 Nylon-6 Condition C Load vs. Dispiocement.
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Nylon-6 Condition D
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Figure 22 Nylon-6 Condition D Load vs. Displacement.
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PPS Condition A
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Figure 23 PPS Condition A Load vs. Displacement.
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Figure 24 PPS Condition B Load vs. Displacement.
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Figure 25 PPS Condition C Load vs. Displacement.
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PPS Condition D
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Figure 26 PPS Condition D Load vs. Displacement.
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Condition A Condition B Condition C Condition D
Nylon-6 .0430 .0428 .0393 .0367
PPS .0526 .0493 .0553 .0510
Table 2 Average specimen thicknesses in inches.
Figure 27 shows a bar graph comparison of the maximum 
flexural stress experienced by the specimens of all the four 
manufacturing conditions. Differences in av erag e  specimen 
strength as a function of condition were easily noted.
The av e ra g e  maximum stresses experienced by the Nylon- 
6 samples for Conditions A, B, C, and D w ere 2.174, 2., 2.269, 
and 2.662' 1 O^psi respectively. The respective stresses for the  
PPS samples were 2.169, 2.213, 2.525, and 2.534* lO^psi. The 
uncertainties for these values were ca lcu la ted  using the 
method suggested by H o l m a n . t ” ) The values of stress for the 
Nylon-6 specimens have uncertainties of 6.1, 5.9, 6.9, and 7.1% 
respectively while those for the PPS samples were 4.7, 5.1, 4.2, 
and 4.7% respectively.
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Average Max Flexure Stress
2.500E-05
2.000E+05
2.4ÏE+05
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B C
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T 2.534EHB
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Figjure 27 Average maximum flexural stress at each  condition.
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AVERAGE FLEXURAL MODULUS
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Figure 28 Average flexural modulus for each  condition.
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Figure 28 is a bar graph showing the av e ra g e  flexural 
modulus ca lcu la ted  for the Nylon-6 and PPS samples as a 
function of the four processing conditions by Eq 2.!'i
, 3m-L
E- = ----------------------------f 2
^3 3-m'L-h
4-w-h
2 G Eq. 2
In this equation, m is the slope of the linear portion of the load- 
displacement graph, w is the specimen width, h is the specimen  
thickness, L is the distance between the specimen supports, 
and G is the shear modulus of the composite'^.
There existed on increasing trend in modulus with 
condition with the single exception of the PPS specimens m ode  
in condition D.
The averag e  flexural modulus ca lcu la ted  for the Nylon-6 
specimens for conditions A, B, C, and D were 1.725, 1.760, 1.959, 
and 2.260' 1 O^psi respectively with uncertainties of 11.4, 11.4, 
11.8, and 12.1%. The respective values ca lcu la ted  for the PPS 
samples were 1.614, 1.718, 1.825, and 1.823* lO^psi with
uncertainties of 10.8, 11.0, 10.8, and 10.9%.
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CHAPTER 4 
DISCUSSION
During the manufacturing phase of this study, three  
specimens were m ode for each  combination of material and  
processing condition. The reason for the redundancy was to 
reduce any error that might be introduced by an anom aly in 
any given part. Furthermore, the results for each  combination  
of material and condition were av erag ed  to prevent 
misinterpretation of the results due to any rogue da ta  points.
The microscopy produced some interesting results. 
Consider Figure 17 which shows the av erag e  fiber volume  
fractions measured during the microscopy. The results of the  
Nylon-6 samples were as expected . There was an increase in 
av erag e  fiber volume fraction with the increase in dwell time  
for both cases of maximum die pressure. Furthermore, there  
w ere increases in fiber volume fraction as a function of 
increased die pressure for both cases of dwell time.
48
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The results of the PPS microscopy samples were not as 
predictable as the Nylon-6 samples. Although there was an 
increase in fiber volume fraction with increased dwell time 
betw een Conditions A and B, it was small com pared  to that of 
the Nylon-6 counterparts. There was another increase in fiber 
volume fraction b e tw een  Conditions B and C as the die 
pressure was increased. Additionally, the significant decrease  
in average  fiber volume fraction between Conditions C and D 
was unexpected.
The specimens of Condition D had portions of high fiber 
volume fraction composite as well as a significant amount of 
voids. It is possible that an excessive am ount of matrix was 
"squeezed" out the ends of the specimens due to the high 
pressure, increased dwell time, and reduced viscosity from over 
heating.
The software used counts pixels of light and dark color in 
order to develop a histogram for a given a rea . It is therefore  
possible that some small am ount of error may exist in the fiber 
volume fraction measurements due to anomalies in the photos. 
Unfortunately, there is no way to estimate the am ount of error.
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As seen in Figure 18, there was a noticeable fluctuation in 
the load readings. The fluctuation was the result of the load  
cell in the MTS machine. The testing machine is equipped with 
a load cell c a p a b le  of load limits far in excess of those 
associated with this study. For that reason, the load cell is 
som ewhat insensitive to the small loads which were required for 
the flexure testing.
Fortunately, the fluctuations w ere small enough (± 3 Ibf) 
that reasonable interpretation of the curves was still possible. 
The fluctuation in the load translated into a variation in 
maximum stress of only 4%. To en h an ce  the clarity of the plots, 
linear regression was perform ed on the d a ta  for each  
specimen. Figures 19 through 26 show the linearized d a ta .
Calculations were m ade of the maximum flexure stress 
experienced by each specimen. In a fashion similar to the  
fiber volume fraction graphs, increases were seen in the flexure 
stress values of the Nylon-6 samples as a function of both  
pressure and dwell time. There w ere also increases in the  
flexure stresses of the PPS specimens as a function of both  
pressure and dwell time. Like with the fiber volume fraction
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measurements, the increases in stress of the PPS samples were  
smaller than those of the Nylon-6 samples.
The PPS samples of Condition D experienced the greatest 
am ount of flexure stress despite their higher void contents. 
Referring back to the micrograph of PPS Condition D, notice 
that despite the voids, the fibers ore very closely packed and  
w etted  out. The higher fiber density in those areas is no doubt 
w hat en a b le d  the specimens to withstand higher values of 
stress.
Figure 28 is a bar graph showing the a v erag e  flexural 
modulus ca lcu la ted  for each material a t  e a c h  condition. As 
hoped, there was an increasing trend in the flexural modulus of 
the Nylon-6 specimens across the conditions. Increases in the 
flexural modulus of the PPS samples were smaller than those for 
Nylon-6 with the exception of Condition D. The decrease in 
modulus of the PPS specimens echoes the fiber volume fraction 
measurements.
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CHAPTER 5 
CONCLUSIONS
This research was undertaken to investigate the potential 
for producing quality composite parts by using a compression 
molding fixture to simulate pultrusion. Three configurations of 
m atched dies were designed, machined, and utilized for this 
study. Two different thermoplastic prepreg systems were  
m anufactured under four processing conditions. Micro-analysis 
and m echanical tests were performed on the specimens after  
processing.
A literature search on thermoplastic pultrusion indicated  
that the technology has not yet met with predictions for its 
success. Thermoplastics are typically tougher than thermosets, 
processed at higher temps, d on 't require post-cure, and are  
reformable. However, thermoplastics are generally more 
expensive and of much higher viscosity than thermosets.
52
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The higher viscosities translate into slower pull speeds, and thus 
higher cost per part.
The two prepreg systems chosen for this study were  
AS4/Nylon-6 and  AS4/PPS. The maximum die pressure and dwell 
time were e a ch  varied in the experimental procedure. Three 
samples of e a c h  prepreg were processed at each  of the four 
processing conditions.
Average fiber volume fraction measurements were m ade  
for each  sample using microscopy combined with image  
analysis software. The results showed increases in fiber volume 
fraction as a function of both pressure and dwell time with one 
exception. The AS4/PPS specimens which w ere processed 
under the higher processing pressure and dwell time showed a 
great number of voids.
M echanical properties were then obtained via flexure 
testing in a three point bend aparatus. Flexural modulus and  
maximum flexural stress were ca lcu la ted  from linearized load 
vs. d isplacem ent graphs.
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As with the microscopy, increases w ere found in m echanica l  
properties with increased pressure and dwell time with the  
exception of the modulus of the PPS samples processed under 
Condition D.
There are certainly some improvements which could be 
m ade to the system for heightened perform ance. First of all, a 
better method of cooling the specimens and the fixture should 
be deve loped . The addition of cooling lines would en a b le  a 
better cooling rate.
Secondly, a system of fiber tensioners would help keep  
the fibers properly oriented. Not only would this allow the 
system as a whole to better simulate pultrusion, but it might also 
allow for improved matrix flow through better fiber alignment.
Another improvement to the manufacturing process might 
be found from more positive control of the preheat period. 
Perhaps a dwelt time at a given tem perature would help 
provide better matrix flow at processing tem perature and  
pressure.
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Finally, the use of a load cell better suited for smaller 
forces would improve the accuracy of the d a ta  aquisition 
during testing. That would reduce unavoidable error as a result 
of fluctuation in the load data.
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Specimen Thicknesses 
NYLON-6
i =1 . 3
ha. hb. = he. hd. =
I
.04233 .04500 .03867 .03800
.04367 .04100 .04033 .03633
.04300 .04233 .03900 .03567
Maximum Loads
NYLON-6
Pna. = Pnb. = Pnc. = Pnd. =
76.9474 86.5618 60.5802 63.1645
71.7788 71.7788 64.0259 72.6402
76.0860 95.8990 71.7788 64.0259
Calculation of Flexural Stress
ona.I
ape.
3-E^a.L
I
2-w-^ ha.)^
3Ppe.L
onb.
3 Pnb. L 
1
2-w-(hb.')^\ 1/
2\vfhe
opf. =
3Ppf.L
2-w-fhf.
he. =
PPS
hg; hh.
.05133 .04900 .05767 .05400
.05167 .04900 .05133 .04933
.05467 .05000 .05700 .04967
Ppe. =
PPS
Ppf; " PP% Pph.
100.2061
128.6334
105.3747
99.3447
124.3263
76.9474
161.3679
126.9106
139.8321
113.9891
111.4048
140.6935
a = 3-PL
2wh^
one. = 
1
3 Pnc. L
I
2-w-/hCj)^
L = 1 w =0.28 
3 Pnd. L
end. =-
T8i
3 Pp% L 
2-w-(hg.)^
2w-(hd.''7\ 1/
3 Pph. L
aph. =-------
2-w ihh. I
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ona.1 onb.1 one.1 and. ape. opf. OPgj aph.
2.301-10* 2.29 10* 2.17-10* 2.343-10* 2.037-10* 2.217-10* 2.599-10* 2.094-10*
2.016 10* 2.288-10* 2.109-10* 2.948-10* 2.581-10* 2.774-10* 2.58-10* 2.453-10*
2.204 10* 2.867-10* 2.528-10* 2.696-10* 1.889-10* 1.649 10* 2.306-10* 3.055-10*
Average Maximum Stress
ona^  t- ona^  -t- ona^
oa = ab
onbj 4- onbj -r onb^
aa =2.174-10^ ab =2.482*10
ac
anCj 4- onCj +- onc^
ad
andj 4- ondj + ond^
ac= 2.269* 10"^ ad = 2.662* 10"
ae
apCj 4- q jC j  4- opCj
af =
opfj f  opfj + opfj
ae =2.169*10 af = 2.213*10"
og
OPg; + opgj +- OPgj
oh
ophj T oph^  4- aphj
ag = 2.495*10 ah = 2.534*10"
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Load Displacement Slopes 
NYLON-6
ma. = mb. = me. = md. =l i l t
PPS
me. = mf. = mg. = mb. =I ! 1  :
1467.0 1560.6 1163.4 1249.7
1346.6 1360.0 1287.8 1013.4
1504.7 1415.8 1320.6 1252.8
2341.1 2168.5 3650.0 2916.8
2411.0 2195.6 2661.3 2296.1
2445.6 2014.2 3032.0 2233.5
Calculation of Flexural Modulus g =0  74 lo®
ma. L*
Ea, =---------------- !----------------
m a.-3L(hal^
^•(^)-----
Eb.
4w|
Ee.
Ee.
Eg.,
me . L*
-------------!------------------  Ed.
me. 3-L ( he. )^
'' 20
me. L*t
2 0
4-w-
mb. L*
, mb.-3L('hb.')^
4-w(hb.',* Î-------
' '/ 2 0
md. L*t
, md-3-L(hd.'j^
4 .w fh d .)* -— Î-------
' ■' 2 0
" mf. L"
=------------------ !------------------  Ef. =------------------ !------------------
, me.-3-Li'he.)^ ' , mf.-3-L(hf.1^
4 w (he.)* Î ^  4-w- fhfl* -  —  Ldi_
'■ 2-0 ' *' 2-0
mh.-L*
— ____________________  E t - ____________________________________________________
mg,.3.L.(hg,)^
2-0 ' '/ 2-0
5 8
Ea.1 Eb.1 Ee.1 Ed.t Ee.1 Ef.t Eg; Eh.1
1.842-10’ 1.632 lo’ 1.9 lo’ 2.162 lo’ 1.685 lo’ 1.789-10’ 1919 lo’ 1.833-10’
1.529 lo’ 1 874 lo’ 1.86 1 o’ 1.987-10’ 1.704 lO’ 1.813-10’ 1.939-10’ 1.865-10’
1.804 lO’ 1.774 lo’ 2.118 lO’ 2.632 lo’ 1.454 lO’ 1.552 1 o’ 1.618-10’ 1.772 10’
Average Flexural Modulus
Ena =
Eaj -r Ea^  -t- Ea^
Enb =
Ebj + Ebj Ebj
Ena = 1.725* lo’  Enb = 1.76* lo’
Ene =
ECj r ECj-l- ECj
End
Ed| -t- Edj -f Edj
Ene = 1.959* lo’  End = 2.26* lo’
Epe =
ECj -(- Ee^ -^ ECj
Epf =
Epg =
Egj -h Egj -h Egj Ehj + Eh^  Eh^
Eph
Epe = 1.614* lo’  Epf = 1.718*10^ 
Epg = 1.825* 1 o’  Eph = 1.823* lo’
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Calculation of Stress Uncertainties d 3 l
—  ( J _  — • ~
Wp =3 Wh =.001
— a -3P-  ^
5 9
Wna. =-
I
13 L Y  Ï  L' -W p  ^ 3 Pna. ------   T Wb
J L
ona.
Wnb. -•11
'2 I
-•Wpi 3-Pnb. Wh
onb.
Wnc. = 
1
12
Wp 3 Pnc.
i 'jw-fhc.]^
L   L « /  .
•Wh
2l
one.
II T'7
Wnd.
Wp 3 Pnd. ;
! w- ("hd.)^L 1/
•Wh I I
i iJ
ond.
Wpe. =- 'i
i2  rr 3 Î r  I I
j- 'P    r Wpl - 3 Ppe.  -----   .  Wh!
I [  ‘
1 2  I
w-(he.
L \ :/ j ]
ope.
 ^ ^ .Wp! -[-3 -P p f.-.— - — . Whi
Wpf =
w I hf.\ 1/ j w-(hf.j J J
opf.
Wpg. I"" I'’*.
•Wp -|-3P pg .-p •Whi
|2|
J I |w -(hgj J
OPg;
Wph =J
w-ihh
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Calculation of Modulus Uncertainties Wm = 8.3% wh = 0.001 60
—  E = 16L^— -  
dm
w
= 1 2 m L ' -1.3 ,  o ... I- 1 _  r x2h ( -8 w h G  + 3 m L f  (-8  w h-G+3 m L)^
WEa.
16-L^— ■- w
^-8 w ha. G 4- 3 ma. L
— ma. .083 
,2 : 12-ma. L
3 G -4-wha.G-r ma.L
fha.^  ^ ( 8 w ha. G+ 3 ma.
.001
Ea.
WEb.
16L ^ — ■ w
12
( -8 w hb. G-r 3 mb. L'l^
mb. .083 I
, (~L ;-4w hb.G -i-m b.Ll
12 mb. L 0(
(hb.l^ [-8-w-hb. G *  3-mb. L)^\ 1/ \ I I /
Eb.
he.
'2
WEe.
w
i i i (^ -8 w he. G 4- 3 me. L)
-  me. .083 
2 '
, (-T ( - 4- w he.- G T me. Ll
12.me.L^— -----------!-----------L ^ .O O l
^he.l'’ ^-8 w he. G 4- 3 me.
Ee.
w
WEd. =-  Nl
: 8 w hd. G4- 3 md. L
Y  \ 4 n  i-4w h d .G -m d -L 'i
-  md. .083 -  12-md. L •— -------:----------- !----------- —^^-.00
\ 2  •
I fhd.\^ f-8 whd. G -3  md. L|Z\ ij \ I I
Ed.
WEe. =
16L3 G
he
w ]2 r , r, ( -4 w he. G4-me. L';
'  ■ \3 ; O . . . U .  ^  • , _____, ,2
 me. .083 I 4-1 12 me. L — — ^- . 001
i (-8-w he. G^ 3 me. L)^ i I I'he.')^  | 8 w he. G+ 3 me. L)^
' 1 1 /  J L 1/ \ I I I
Ee.
w
WEf. =
'  -------
hf (^ -8 w hf. G4-3 mf. L
12
-  mf. .083 
2 '
1  G (-4 -\v  hf. G 4 -m f.-U  
12mf. L" - H  -^--------- !---------- LJ_..ooi j
hf.)^ !'-8 w-hf.-G4-3-mf. Ll^ i1/ ' I 1 / I
Ef.
WEg. =
12
w
hgj i'-8 w hg. G4-3 mgj Ly
mg. .083 12 mg. L ■
3 G ( 4 w hgj G + mg. L)
h^g. j 8 w hg. G +- 3 mg. LV
.00
Eg-.
WEh. -M
16L ^ — • w
hh; ^-8 w hh. G4-3 mhj Lj
-  mh. .083 
2 '
, f î f-4-w hh. G4-mh. Ll
12m h .L ._^^-------- !--------L- .^OO
' (hh.)^ f-8 w-hh/G-h3-mh/Lf
Eh.
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Stress Uncertainties
61
0.061 0.056 0.072 0.071 0.049 0.051 0.039
* 1
0.045
0.062 0.064 0.068 0.069 0.045 0.047 0.046 0.049
0.061 0.057 0.066 0.073 0.046 0.056 0.041 0.046
Modulus Uncertainties
0.114 0.112 0.118 0.12 0.109 0.11 0.108 0.109
0.112 0.116 0.116 0.121 0.109 O il O il O il
0.114 0.114 0.118 0.124 0.107 0.109 0.107 0.11
Average Stress Uncertainties
Woa =
Wn3j -r Wna^  Wna^
Wob =-
Wnbj 4- Wnbj 4- Wnb^
Woa =0.061 Wob =0.059
Woe =
W n e j  4- W n e ^  4- W n e ^
Wod =
Wndj 4- Wndj 4- Wnd^
Woe =0.069 Wod =0.071
Woe
W p C j  4- W p e ^  4- W p C j
Wof
Wpfj^ Wpf^-Wpfj
Woe =0.047 Wof = 0.051
Wog
Wpg, 4- Wpg  ^4- W p g j
Woh =
Wph, 4 - Wphj 4- Wph,
Wog = 0.042 Woh = 0.047
Average Modulus Uncertainties
WEa
WEa, 4 - WEa^ 4- WEa,
WEb =-
WEb, 4 - WEbj 4- WEb,
WEa =0.114 WEb =0.114
WEe 4- WEe -  WEe 
WEe = Î  ----------!  WEd =
WEd, +WEd^4-WEd,
WEe =0.118 WEd =0.121
WEe 4- WEe 4- WEe 
WEe =-------!---------- ?----------1 WEf =-
WEf, 4- W E f j  4- WEf,
WEe =0.108 WEf = 0.11
WEg =
WEg, 4- W E g j  4- WEg,
WEh =
WEh, 4 - WEhj 4- WEh,
WEg =0.108 WEh =0.109
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TEMPERATURE DATA
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I Nylon 6 matrix: Set Point = 290 C 6 3
I Condition A: Max load = 140 lb j
Loiter time = 0 min |
Time (min) T1 (degC) 12 (deg C) T3 (deg C)
0 20 79 159
1 27 87 164
2 70 116 190
3 112 152 221
4 139 189 244
5 177 226 259
6 196 252 271
7 202 269 280
8 204 281 286
9 204 290 288
10 203 285 277
11 211 275 265
12 236 269 253
13 256 266 241
14 268 254 228
15 278 244 218
16 286 228 207
17 291 212 194
18 285 202 188
19 275 191 180
20 263 185 170
21 252 177 163
22 242 167
23 223 159
24 210
25 200
26 193
27 183
28 174
29 165
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PPS !
Condition 0: Set Point = 330 0  j 
Loiter Time = 5 min 11
Time Temp 1 Temp 2 Temp 3
(min) (degC) (deg C) (deg 0)
0 175 215 185
1 213 219 212
2 248 244 244
3 280 275 277
4 302 299 299
5 317 314 315
6 328 327 328
7 335 335 335
8 335 336 338
9 332 333 335
10 333 332 330
11 335 334 331
12 320 323 325
13 307 307 313
14 292 294 299
15 281 281 285
16 268 269 272
17 255 256 259
18 246 245 246
64
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX III
MANUFACTURING DATA
65
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Test Control Started Time: 0.044667 6 6
Calendar Time: mmihtll
File Name: C:\TS2\TWSX\PULMD01.000
Procedure Name: PULMD01 Default Procedure
Operator. OTOOLE
Teststar Config: C:\ts2\config\strain.tcc
Test Control Holding Time: 51.42311
Calendar Time: ########
Loop Counters:
Total Counters:
Axial 1
Torsional -1
Test Control Resuming from Hold Time: 523.9233
Calendar Time: ########
Nylon-6 Condition A 
DRP Process Data sample Time: 1385.69
Time Displacem' Load Cell
Sec in Ibf
20.37755 -1.44492 -33.8757 
40.37956 -1.4444 -33.0143
543.9802 -1.44457 -140.694 
563.9822 -1.44492 -140.694 
583.9842 -1.44509 -140.694 
603.9862 -1.44544 -139.832 
623.988 -1.44544 -138.971 
643.99 -1.44561 -141.555
663.992 -1.44578 -139.832 
683.994 -1.44595 -139.832 
703.996 -1.44578 -138.971 
723.9977 -1.44578 -140.694 
743.9998 -1.44578 -141.555 
764.0018 -1.44578 -139.832 
784.0038 -1.44595 -141.555 
804.0057 -1.4463 -138.971
824.0075 -1.4463 -138.109
844.0095 -1.44681 -140.694
864.0115 -1.44699 -143.278 
884.0136 -1.44733 -140.694 
904.0156 -1.44768 -141.555 
924.0173 -1.44785 -141.555 
944.0193 -1.44854 -139.832 
964.0213 -1.44837 -138.971 
984.0233 -1.44888 -140.694 
1004.025 -1.44888 -138.971 
1024.027 -1.44974 -141.555 
1044.029 -1.45009 -140.694 
1064.031 -1.45043 -141.555
1084.033 -1.45061 -138.971
1104.035 -1.45112 -139.832
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1124.037 -1.45147 -138.109
1144.039 -1.45216 -138.109
1164.041 -1.45233 -139.832
1184.043 -1.45285 -139.832
1204.045 -1.45302 -137.248
1224.047 -1.45371 -140.694
1244.049 -1.45405 -138.109
1264.051 -1.4544 -138.109
1284.053 -1.45492 -140.694
1304.055 -1.45509 -141.555
1324.056 -1.45543 -138.971
1344.058 -1.45578 -139.832
1364.06 -1.45612 -141.555
1384.062 -1.45664 -138.109
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Test Control Stopped Time: 1385.912
Calendar Time: ########
Loop Counters:
Total Counters:
Axial 3
Torsional -1
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Test Control Started Time: 0.025111
Calendar Time: 2/2/96 3:52:54 AM
File Name: C:\TS2\TWSX\PULMD01.000
Procedure Name: PULMD01 Default Procedure
Operator OTOOLE
Teststar Config: C:\ts2\config\strain.tcc
Test Control Holding Time: 55.99889
Calendar Time: 2/2/96 3:53:50 AM
Loop Counters:
Total Counters:
Axial 1
Torsional -1
Test Control Resuming from Hold Time:
Calendar Time: 2/2/96 3:59:04 AM
PPS Condition D
DRP Process Data sample Time: 1089.636
Time Displacem< Load Cell
Sec in Ibf
20.34267 1.449295 -36.46
40.34467 1.449812 -33.0143
389.2711 1.439471 -281.969
409.2731 1.439644 -278.523
429.2751 1.439988 -281.969
449.2771 1.439816 -280.246
469.2789 1.440161 -278.523
489.2809 1.440161 -281.107
509.2829 1.440505 -277.661
529.2849 1.440161 -280.246
549.2866 1.440161 -281.107
569.2886 1.440161 -281.107
589.2907 1.440678 -277.661
609.2927 1.44085 -279.384
629.2946 1.44085 -281.107
649.2965 1.44085 -281.969
669.2984 1.441022 -281.969
689.3004 1.440678 -282.83
709.3024 1.440333 -278.523
729.3042 1.439988 -279.384
749.3062 1.439644 -277.661
769.3082 1.439299 -279.384
789.3102 1.43861 -280.246
809.3122 1.43861 -285.414
829.314 1.438093 -280.246
849.316 1.437576 -281.969
869.318 1.437058 -281.969
889.32 1.436714 -279.384
909.3218 1.436369 -279.384
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929.3237 1.436024 -280.246
949.3257 1.435335 -281.969
969.3278 1.43499 -280.246
989.3295 1.434473 -279.384
1009.332 1.434129 -277.661
1029.334 1.433612 -281.107
1049.335 1.433094 -280.246
1069.338 1.43275 -282.83
1089.339 1.43206 -281.969
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Test Control Stopped Time: 1089.878
Calendar Time: 2/2/96 4:11:04 AM
Loop Counters:
Total Counters:
Axial 3
Torsional -1
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NAl NAl
Displacement Load Cell abs(disp) absfload)
in Ibf in ibf
-0.0027239 3.165919 4.45E-03 3.165919
-0.0030686 -1.14125 4.45E-03 1.14125
-0.00324094 3.165919 5.14E-03 3.165919
-0.00341329 -1.14125 5.14E-03 1.14125
-0.00393033 3.165919 5.3 IE-03 3.165919
-0.00427502 3.165919 6.34E-03 3.165919
-0.00444737 1.443051 6.00E-03 1.443051
-0.00444737 4.027352 6.17E-03 4.027352
-0.00513675 3.165919 6.52E-03 3.165919
-0.00513675 -0.27982 6.86E-03 0.279816
-0.0053091 -0.27982 7.20E-03 0.279816
-0.00634318 1.443051 7.20E-03 1.443051
-0.00599849 -1.14125 7.38E-03 1.14125
-0.00617083 -0.27982 7.89E-03 0.279816
-0.00651553 -2.00268 7.89E-03 2.002683
■0.00686022 0.581618 8.24E-03 0.581618
-0.00720491 4.027352 9.10E-03 4.027352
-0.00720491 1.443051 9.10E-03 1.443051
-0.00737726 2.304485 9.27E-03 2.304485
-0.0078943 1.443051 9.62E-03 1.443051
-0.0078943 -1.14125 9.79E-03 1.14125
-0.00823899 -1.14125 9.79E-03 1.14125
-0.00910072 -1.14125 1.0 IE-02 1.14125
■0.00910072 -0.27982 1.05E-02 0.279816
-0.00927307 -2.86412 1.08E-02 2.864117
■0.00961776 1.443051 1.08E-02 1.443051
-0.00979011 -2.00268 1.12E-02 2.002683
-0.00979011 4.027352 1.15E-02 4.027352
-0.0101348 0.581618 1.19E-02 0.581618
-0.0104795 1.443051 1.22E-02 1.443051
-0.01082419 -1.14125 1.22E-02 1.14125
-0.01082419 -1.14125 1.25E-02 1.14125
-0.01116888 0.581618 1.29E-02 0.581618
-0.01151357 -1.14125 1.31E-02 1.14125
-0.01185827 1.443051 1.32E-02 1.443051
-0.01220296 -2.86412 1.38E-02 2.864117
-0.01220296 0.581618 1.39E-02 0.581618
-0.01254765 0.581618 1.39E-02 0.581618
-0.01289235 -3.72555 1.43E-02 3.72555
-0.01306469 -3.72555 1.48E-02 3.72555
-0.01323704 -0.27982 1.46E-02 0.279816
-0.01375408 -0.27982 1.53E-02 0.279816
-0.01392642 -3.72555 1.56E-02 3.72555
-0.01392642 0.581618 1.58E-02 0.581618
-0.01427112 -1.14125 1.60E-02 1.14125
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-0.01478816 -1.14125 1.63E-02 1.14125
-0.01461581 -2.00268 1.62E-02 2.002683
-0.0153052 -0.27982 1.67E-02 0.279816
-0.01564989 -5.44842 1.69E-02 5.448418
-0.01582224 -2.86412 1.72E-02 2.864117
-0.01599458 -2.86412 1.75E-02 2.864117
-0.01633927 -2.00268 1.77E-02 2.002683
-0.01616693 -2.00268 1.81E-02 2.002683
-0.01668397 -3.72555 1.84E-02 3.72555
-0.01685631 -2.00268 1.88E-02 2.002683
-0.01720101 -3.72555 1.89E-02 3.72555
-0.0175457 -4.58698 1.93E-02 4.586984
-0.01771805 -0.27982 1.94E-02 0.279816
-0.01806274 -5.44842 1.94E-02 5.448418
-0.01840743 -6.30985 2.00E-02 6.309852
-0.01875212 -2.00268 2.01E-02 2.002683
-0.01892447 -6.30985 2.05E-02 6.309852
-0.01926916 -5.44842 2.06E-02 5.448418
-0.01944151 -5.44842 2.10E-02 5.448418
-0.01944151 -4.58698 2.12E-02 4.586984
-0.01995855 -6.30985 2.15E-02 6.309852
-0.0201309 -5.44842 2.19E-02 5.448418
-0.02047559 -5.44842 2.22E-02 5.448418
-0.02064794 -10.617 2.24E-02 10.61702
-0.02099263 -8.03272 2.27E-02 8.032719
-0.02116498 -6.30985 2.29E-02 6.309852
-0.02150967 -6.30985 2.32E-02 6.309852
-0.02185436 -5.44842 2.32E-02 5 448418
-0.02219905 -6.30985 2.36E-02 6.309852
-0.0223714 -8.89415 2.41E-02 8.894152
-0.02271609 -8.89415 2.43E-02 8.894152
-0.02288844 -9.75559 2.46E-02 9.755586
-0.02323313 -9.75559 2.46E-02 9.755586
-0.02323313 -8.89415 2.50E-02 8.894152
-0.02357782 -9.75559 2.53E-02 9.755586
-0.02409487 -10.617 2.53E-02 10.61702
-0.02426721 -11.4785 2.58E-02 11.47845
-0.02461191 -9.75559 2.58E-02 9.755586
-0.02461191 -10.617 2.62E-02 10.61702
-0.0249566 -11.4785 2.63E-02 11.47845
-0.02530129 -14.0628 2.67E-02 14.06275
-0.02530129 -13.2013 2.70E-02 13.20132
-0.02581833 -12.3399 2.74E-02 12.33989
-0.02581833 -14.0628 2.75E-02 14.06275
-0.02616303 -11.4785 2.79E-02 11.47845
-0.02633537 -12.3399 2.81E-02 12.33989
-0.02668006 -11.4785 2.82E-02 11.47845
-0.02702475 -15.7856 2.86E-02 15.78562
-0.02736945 -12.3399 2.89E-02 12.33989
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-0.02754179 -15.7856 2.93E-02 15.78562
-0.02788649 -14.0628 2.94E-02 14.06275
-0.02805883 -13.2013 2.96E-02 13.20132
-0.02823118 -12.3399 3.00E-02 12.33989
-0.02857587 -14.9242 3.01E-02 14.92419
-0.02892057 -12.3399 3.03E-02 12.33989
-0.02926526 -20.0928 3.05E-02 20.09279
-0.02943761 -16.6471 3.08E-02 16.64706
-0.02960995 -19.2314 3.12E-02 19.23136
-0.02995464 -16.6471 3.17E-02 16.64706
-0.03012699 -17.5085 3.20E-02 17.50849
-0.03029934 -18.3699 3.22E-02 18.36992
-0.03047168 -17.5085 3.22E-02 17.50849
-0.03081638 -17.5085 3.25E-02 17.50849
-0.03116107 -19.2314 3.27E-02 19.23136
-0.03167811 -18.3699 3.31E-02 18.36992
-0.0320228 -20.0928 3.31E-02 20.09279
-0.03219515 -19.2314 3.36E-02 19.23136
-0.03219515 -22.6771 3.39E-02 22.67709
-0.03253984 -20.9542 3.41E-02 20.95422
-0.03271218 -21.8157 3.44E-02 21.81566
-0.03305688 -21.8157 3.46E-02 21.81566
-0.03305688 -21.8157 3.50E-02 21.81566
-0.03357392 -20.0928 3.51E-02 20.09279
-0.03391861 -23.5385 3.51E-02 23.53853
-0.03409096 -23.5385 3.58E-02 23.53853
-0.03443565 -25.2614 3.60E-O2 25.26139
-0.034608 -23.5385 3.62E-02 23.53853
-0.03495269 -25.2614 3.63E-02 25.26139
-0.03512504 -25.2614 3.68E-02 25.26139
-0.03512504 -26.1228 3.70E-02 26.12282
-0.03581442 -26.1228 3.74E-02 26.12282
-0.03598677 -24.4 3.77E-02 24.39996
-0.03615912 -26.9843 3.79E-02 26.98426
-0.03633146 -29.5686 3.81E-02 29.56856
-0.0368485 -26.9843 3.84E-02 26.98426
-0.03702085 -26.9843 3.86E-02 26.98426
-0.03736555 -28.7071 3.89E-02 28.70712
-0.03771024 -29.5686 3.91E-02 29.56856
-0.03788259 -28.7071 3.93E-02 28.70712
-0.03805493 -29.5686 3.94E-02 29.56856
-0.03839962 -29.5686 3.93E-02 29.56856
-0.03857197 -30.43 4.03E-02 30.42999
-0.03891666 -32.1529 4.03E-02 32.15286
-0.03908901 -28.7071 4.06E-02 28.70712
-0.03926135 -30.43 4.08E-O2 30.42999
-0.0394337 -31.2914 4.12E-02 31.29143
-0.03926135 -31.2914 4.13E-02 31.29143
-0.04029543 -33.8757 4.17E-02 33.87573
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-0.04029543 -33.8757 4.20E-02 33.87573
-0.04064012 -30.43 4.24E-02 30.42999
-0.04081247 -33.8757 4.25E-02 33.87573
-0.04115716 -34.7372 4.27E-02 34.73716
-0.04132951 -32.1529 4.31E-02 32.15286
-0.0416742 -31.2914 4.32E-02 31.29143
-0.0420189 -34.7372 4.34E-02 34.73716
-0.04236359 -35.5986 4.37E-02 35.5986
-0.04253594 -37.3215 4.39E-02 37.32146
-0.04270829 -33.8757 4.44E-02 33.87573
-0.04305298 -38.1829 4.44E-02 38.1829
-0.04322533 -32.1529 4.49E-02 32.15286
-0.04339767 -34.7372 4.51E-02 34.73716
-0.04374236 -38.1829 4.55E-02 38.1829
-0.04391471 -37.3215 4.58E-02 37.32146
-0.04443175 -41.6286 4.58E-02 41.62864
-0.04443175 -36.46 4.63E-02 36.46003
-0.04494879 -38.1829 4.65E-02 38.1829
-0.04512113 -37.3215 4.67E-02 37.32146
-0.04546582 -40.7672 4.70E-02 40.7672
-0.04581052 -40.7672 4.72E-02 40.7672
-0.04581052 -40.7672 4.77E-02 40.7672
-0.04632756 -42.4901 4.77E-02 42.49006
-0.0464999 -41.6286 4.79E-02 41.62864
-0.04667225 -40.7672 4.84E-02 40.7672
-0.04701695 -44.2129 4.89E-02 44.21293
-0.04718929 -42.4901 4.87E-02 42.49006
-0.04770633 -42.4901 4.93E-02 42.49006
-0.04770633 -42.4901 4.94E-02 42.49006
-0.04787868 -42.4901 4.96E-02 42.49006
-0.04839572 -46.7972 4.98E-02 46.79723
-0.04891276 -46.7972 5.05E-02 46.79723
-0.04874041 -46.7972 5.06E-02 46.79723
-0.04925745 -45.0744 5.06E-02 45.07436
-0.0494298 -46.7972 5.08E-02 46.79723
-0.04960214 -45.9358 5.12E-02 45.9358
-0.04977449 -45.9358 5.13E-02 45.9358
-0.05046387 -48.5201 5.17E-02 48.5201
-0.05063622 -46.7972 5.22E-02 46.79723
-0.05063622 -50.243 5.22E-02 50.24297
-0.05080856 -50.243 5.24E-02 50.24297
-0.05115326 -45.9358 5.29E-02 45.9358
-0.0513256 -49.3815 5.29E-02 49.38154
-0.0516703 -51.9658 5.34E-02 51.96583
-0.05218734 -47.6587 5.30E-02 47.65867
-0.05218734 -50.243 5.39E-02 50.24297
-0.05235969 -51.9658 5.43E-02 51.96583
-0.05287673 -49.3815 5.44E-02 49.38154
-0.05287673 -51.9658 5.48E-02 51.96583
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-0.05339376 -54.5501 5.49E-02 54.55013
-0.05304907 -52.8273 5.53E-02 52.82726
-0.0539108 -56.273 5.55E-02 56.273
-0.0542555 -52.8273 5.56E-02 52.82726
-0.05442784 -56.273 5.58E-02 56.273
-0.05477254 -57.9959 5.62E-02 57.99587
-0.05494488 -57.1344 5.65E-02 57.13443
-0.05528958 -54.5501 5.68E-02 54.55013
-0.05546193 -53.6887 5.68E-02 53.6887
-0.05563427 -58.8573 5.74E-02 58.8573
-0.05580662 -59.7187 5.75E-02 59.71874
-0.0561513 -56.273 5.77E-02 56.273
-0.056496 -56.273 5.79E-02 56.273
-0.05684069 -58.8573 5.84E-02 58.8573
-0.05684069 -60.5802 5.86E-02 60.58017
-0.05735773 -59.7187 5.87E-02 59.71874
-0.05753008 -57.9959 5.93E-02 57.99587
-0.05770243 -63.1645 5.94E-02 63.16447
-0.05787477 -62.303 5.98E-02 6230304
-0.05839181 -61.4416 5.98E-02 61.4416
-0.05856416 -63.1645 6.01E-02 63.16447
-0.0587365 -65.7488 6.03E-02 65.74877
-0.05925354 -62 303 6.06E-02 62.30304
-0.05942589 -61.4416 6.11E-02 61.4416
-0.05977058 -64.8873 6.13E-02 64.88734
-0.05977058 -65.7488 6.15E-02 65.74877
-0.06011528 -65.7488 6.18E-02 65.74877
-0.06028763 -64.0259 6.20E-02 64.02591
-0.06063232 -65.7488 6.20E-02 65.74877
-0.06114936 -64.8873 6.25E-02 64.88734
-0.0613217 -65.7488 6.29E-02 65.74877
-0.06149405 -65.7488 6.32E-02 65.74877
-0.06183874 -67.4716 6.34E-02 67.47164
-0.06201109 -70.0559 6.34E-02 70.05594
-0.06201109 -66.6102 6.39E-02 66.61021
-0.06252813 -70.9174 6.43E-02 70.91737
-0.06287282 -65.7488 6.44E-02 65.74877
-0.06321751 -71.7788 6.46E-02 71.77881
-0.06338986 -71.7788 6.51E-02 71.77881
-0.06338986 -67.4716 6.53E-02 67.47164
-0.0639069 -71.7788 6.53E-02 71.77881
-0.06425159 -72.6402 6.56E-02 72.64024
-0.06442394 -72.6402 6.58E-02 72.64024
-0.06459629 -74.3631 6.65E-02 74.36311
-0.06511332 -72.6402 6.65E-02 72.64024
-0.06528567 -73.5017 6.68E-02 73.50167
-0.06528567 -75.2245 6.70E-O2 75.22454
-0.06563036 -70.9174 6.72E-02 70.91737
-0.06580271 -73.5017 6.75E-02 73.50167
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-0.0664921 -76.086 6.77E-02 76.08598
-0.0664921 -75.2245 6.82E-02 75.22454
-0.06683679 -75.2245 6.86E-02 75.22454
-0.06700913 -76.9474 6.86E-02 76.94741
-0.06718148 -76.9474 6.89E-02 76.94741
-0.06752617 -75.2245 6.94E-02 75.22454
-0.06769852 -75.2245 O.OOE+00 75.22454
-0.06821556 -61.4416 O.OOE+00 61.4416
-0.06856025 -48.5201 O.OOE+OO 48.5201
-0.06856025 -44.2129 O.OOE+00 44.21293
-0.06890494 -42.4901 O.OOE+OO 42.49006
-0.06942198 -43.3515 O.OOE-rOO 43.35149
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PDl PDl
Displ Load abs(disp) abs(load)
in Ibf in Ibf
-0.00135 0.581618 0.001345 0.581618
-0.00169 0.581618 0.00169 0.581618
-0.00186 -1.14125 0.001862 1.14125
-0.00221 -3.72555 0.002207 3.72555
-0.00255 -1.14125 0.002552 1.14125
■0.00255 -0.27982 0.002552 0.279816
-0.00307 -1.14125 0.003069 1.14125
-0.00307 -2.86412 0.003069 2.864117
-0.00376 -3.72555 0.003758 3.72555
-0.00359 -3.72555 0.003586 3.72555
-0.00393 -5.44842 0.00393 5.448418
-0.00428 -3.72555 0.004275 3.72555
-0.00445 -4.58698 0.004447 4.586984
-0.00496 -7.17129 0.004964 7.171285
-0.00496 -7.17129 0.004964 7.171285
-0.00548 -8.89415 0.005481 8.894152
-0.00531 -8.03272 0.005309 8.032719
-0.00583 -10.617 0.005826 10.61702
-0.00617 -10.617 0.006171 10.61702
-0.00634 -12.3399 0.006343 12.33989
-0.00652 -12.3399 0.006516 12.33989
-0.00669 -14.9242 0.006688 14.92419
-0.0072 -14.9242 0.007205 14.92419
-0.0072 -12.3399 0.007205 12.33989
-0.00772 -11.4785 0.007722 11.47845
-0.00789 -13.2013 0.007894 13.20132
-0.00807 -15.7856 0.008067 15.78562
-0.00824 -17.5085 0.008239 17.50849
-0.00858 -14.0628 0.008584 14.06275
-0.0091 -17.5085 0.009101 17.50849
-0.00927 -17.5085 0.009273 17.50849
-0.00962 -18.3699 0.009618 18.36992
-0.00979 -21.8157 0.00979 21.81566
-0.00996 -20.0928 0.009%2 20.09279
-0.01048 -17.5085 0.010479 17.50849
-0.01065 -20.0928 0.010652 20.09279
-0.01082 -20.9542 0.010824 20.95422
-0.01117 -20.9542 0.011169 20.95422
-0.01134 -24.4 0.011341 24.39996
-0.01169 -26.1228 0.011686 26.12282
-0.01186 -23.5385 0.011858 23.53853
-0.0122 -26.9843 0.012203 26.98426
-0.01255 -26.9843 0.012548 26.98426
-0.01255 -29.5686 0.012548 29.56856
-0.01289 -26.1228 0.012892 26.12282
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-0.01324 -30.43 0.013237 30.42999
-0.01358 -33.0143 0.013582 33.0143
-0.01324 -28.7071 0.013237 28.70712
-0.0141 -32.1529 0.014099 32.15286
-0.01427 -33.8757 0.014271 33.87573
-0.01462 -32.1529 0.014616 32.15286
-0.01479 -32.1529 0.014788 32.15286
-0.01496 -34.7372 0.014961 34.73716
-0.01531 -36.46 0.015305 36.46003
-0.01582 -34.7372 0.015822 34.73716
-0.01599 -34.7372 0.015995 34.73716
-0.01617 -36.46 0.016167 36.46003
-0.01634 -39.0443 0.016339 39.04433
-0.01668 -40.7672 0.016684 40.7672
-0.01703 -39.0443 0.017029 39.04433
-0.0172 -42.4901 0.017201 42.49006
-0.01737 -42.4901 0.017373 42.49006
-0.01806 -43.3515 0.018063 43.35149
-0.01806 -43.3515 0.018063 43.35149
-0.01824 -44.2129 0.018235 44.21293
-0.01841 -43.3515 0.018407 43.35149
-0.01875 -45.9358 0.018752 45.9358
-0.0191 -45.9358 0.019097 45.9358
-0.01944 -47.6587 0.019442 47.65867
-0.01961 -49.3815 0.019614 49.38154
-0.01979 -48.5201 0.019786 48.5201
-0.02013 -47.6587 0.020131 47.65867
-0.02048 -51.1044 0.020476 51.1044
-0.02065 -48.5201 0.020648 48.5201
-0.02082 -51.1044 0.02082 51.1044
-0.02134 -52.8273 0.021337 52.82726
-0.02151 -55.4116 0.02151 55.41157
-0.02168 -51.9658 0.021682 51.96583
-0.02203 -55.4116 0.022027 55.41157
-0.0222 -58.8573 0.022199 58.8573
-0.02254 -57.1344 0.022544 57.13443
-0.02272 -58.8573 0.022716 58.8573
-0.02306 -58.8573 0.023061 58.8573
-0.02341 -57.9959 0.023405 57.99587
-0.02358 -60.5802 0.023578 60.58017
-0.02375 -63.1645 0.02375 63.16447
-0.02375 -59.7187 0.02375 59.71874
-0.02427 -59.7187 0.024267 59.71874
-0.02461 -65.7488 0.024612 65.74877
-0.02461 -64.0259 0.024612 64.02591
-0.02496 -64.8873 0.024957 64.88734
-0.02513 -62.303 0.025129 62.30304
-0.02547 ■66.6102 0.025474 66.61021
■0.02582 66.6102 0.025818 66.61021
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-0.02616 -68.3331 0.026163 68.33307
-0.02651 -69.1945 0.026508 69.19451
-0.02702 -68.3331 0.027025 68.33307
-0.0272 -70.0559 0.027197 70.05594
-0.0272 -68.3331 0.027197 68.33307
-0.02737 -69.1945 0.027369 69.19451
-0.02771 -70.9174 0.027714 70.91737
-0.02789 -69.1945 0.027886 69.19451
-0.0284 -75.2245 0.028404 75.22454
-0.02858 -78.6703 0.028576 78.67028
-0.02875 -77.8088 0.028748 77.80884
-0.02892 -76.086 0.028921 76.08598
-0.02892 -77.8088 0.028921 77.80884
-0.02978 -78.6703 0.029782 78.67028
-0.02995 -82.116 0.029955 82.11601
-0.0303 -82.116 0.030299 82.11601
-0.0303 -80.3931 0.030299 80.39314
-0.03064 -81.2546 0.030644 81.25458
-0.03082 -82.116 0.030816 82.11601
-0.03133 -82.9774 0.031333 82.97744
-0.03151 -85.5617 0.031506 85.56175
-0.03185 -83.8389 0.03185 83.83888
-0.03202 -86.4232 0.032023 86.42318
-0.03202 -86.4232 0.032023 86.42318
-0.03237 -85.5617 0.032367 85.56175
-0.03271 -84.7003 0.032712 84.70031
-0.03288 -87.2846 0.032885 87.28462
-0.03323 -89.0075 0.033229 89.00748
-0.03357 -89.0075 0.033574 89.00748
-0.03375 -88.146 0.033746 88.14605
-0.03392 -92.4532 0.033919 92.45321
-0.03426 -94.1761 0.034263 94.17608
-0.03461 -93.3147 0.034608 93.31465
-0.03495 -91.5918 0.034953 91.59178
-0.0353 -95.0375 0.035297 95.03751
-0.03513 -91.5918 0.035125 91.59178
-0.03581 -97.6218 0.035814 97.62181
-0.03599 -98.4833 0.035987 98.48325
-0.03616 -97.6218 0.036159 97.62181
-0.0365 -97.6218 0.036504 97.62181
-0.03685 -97.6218 0.036849 97.62181
-0.03685 -101.929 0.036849 101.929
-0.03737 -102.79 0.037366 102.7904
-0.03737 -100.206 0.037366 100.2061
-0.03771 -101.068 0.03771 101.0676
-0.03805 -102.79 0.038055 102.7904
-0.0384 -103.652 0.0384 103.6519
-0.03857 -104.513 0.038572 104.5133
-0.03892 -106.236 0.038917 106.2362
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-0.03909 -105.375 0.039089 105.3747
-0.03943 -109.682 0.039434 109.6819
-0.03961 -108.82 0.039606 108.8205
-0.03978 -109.682 0.039778 109.6819
-0.03995 -109.682 0.039951 109.6819
-0.04047 -112.266 0.040468 112.2662
-0.04081 -113.989 0.040812 113.9891
-0.04081 -111.405 0.040812 111.4048
-0.04116 -112.266 0.041157 112.2662
-0.04133 -110.543 0.04133 110.5433
-0.04167 -101.068 0.041674 101.0676
-0.04167 -100.206 0.041674 100.2061
-0.04236 -96.7604 0.042364 96.76038
-0.04288 -92.4532 0.042881 92.45321
-0.04271 -91.5918 0.042708 91.59178
-0.04305 -92.4532 0.043053 92.45321
-0.04323 -90.7303 0.043225 90.73035
-0.04357 -92.4532 0.04357 92.45321
-0.04374 -89.0075 0.043742 89.00748
-0.04426 -88.146 0.044259 88.14605
-0.04443 -86.4232 0.044432 86.42318
-0.0446 -88.146 0.044604 88.14605
-0.04478 -84.7003 0.044776 84.70031
-0.04529 -87.2846 0.045293 87.28462
-0.04547 -86.4232 0.045466 86.42318
-0.04564 -82.9774 0.045638 82.97744
-0.04616 -86.4232 0.046155 86.42318
-0.04598 -88.146 0.045983 88.14605
-0.04633 -89.0075 0.046328 89.00748
-0.04684 -89.0075 0.046845 89.00748
-0.04719 -90.7303 0.047189 90.73035
-0.04736 -89.0075 0.047362 89.00748
-0.04736 -89.8689 0.047362 89.86891
-0.04771 -91.5918 0.047706 91.59178
-0.04788 -89.8689 0.047879 89.86891
-0.04822 -90.7303 0.048223 90.73035
-0.04874 -91.5918 0.04874 91.59178
-0.04874 -89.0075 0.04874 89.00748
-0.04909 -90.7303 0.049085 90.73035
-0.04926 -89.8689 0.049257 89.86891
-0.04943 -90.7303 0.04943 90.73035
-0.04995 -70.0559 0.049947 70.05594
-0.05029 -59.7187 0.050292 59.71874
-0.05029 -59.7187 0.050292 59.71874
-0.05064 -58.8573 0.050636 58.8573
-0.05115 -57.1344 0.051153 57.13443
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